While it is easy to see dynamics of large structures like the nuclear envelope and classical nuclear organelles such as the nucleolus, what is remarkable about current FRAP methodologies is that they enable the dynamics of even the into other membranous compartments. The nucleolus compartments. These range from the nuclear envelope and nuclear lamina also dissolve at this time as distinct at the boundary between the nucleus and cytoplasm, structural and functional entities. Contacts between through internal "organelles" such as the nucleolus, to chromatin components, the lamina and nuclear envethe chromosomes themselves within which histones coil lope also disappear. At the level of the nucleosome, DNA into the most fundamental of chromosomal "buildhistones continue to wrap DNA within mitotic chromoing blocks," the nucleosomes and chromatin fibers. The somes, but many transcription factors dissociate from nuclear envelope, nuclear lamina, the nucleolus, chrochromatin and transcription is repressed. The complex between the nuclear envelope and the interactions is now being refined by the application of chromosomes is a functionally important nuclear asnew methodologies, most notably the use of fluoressemblage mediated by multiple dynamic protein-protein cently tagged proteins within living cells coupled to the interactions. As might be expected, these contacts are technique of fluorescent recovery after photobleaching, dramatically altered through mitosis. However, the FRAP studies show that they are also continually modulated throughout interphase. For example, FRAP experi- ‡
ments using a lamin B receptor-GFP (LBR-GFP) fusion protein indicate that the LBR diffuses freely in the endoplasmic reticulum (ER) compartment following nuclear dissolution at mitosis, but is rather stably associated with the nuclear envelope in mitosis. Full recovery of fluorescence in a bleached area requires only 1-2 min, indicating free diffusion of LBR-GFP in this membranous compartment. In contrast, once the LBR-GFP enters the inner nuclear membrane, 1-2 hr are required to fully reoccupy bleached sites, indicative of tight binding of LBR-GFP to heterochromatin and/or the lamina. The quality of this association changes rapidly through mitosis, with the LBR-GFP of the inner nuclear membrane dramatically increasing in diffusional mobility and redistributing to the ER. This mobilization appears to depend on specifically timed posttranslational modification of et al., 2000) . Any "histone code" depenThe glucocorticoid receptor (GR) provides a potent exdent on specific states of histone acetylation and phosample of such a "hit and run" mechanism for gene actiphorylation must be very rapidly translated into meanvation. Hager and colleagues multimerized 200 copies of ingful language (Figure 2) . The key conclusion is that a chromosomal target for GR present within the mouse the exact structure of both the chromatin fiber and mammary tumor virus (MMTV) long terminal repeat (LTR) nucleosomal histone-DNA contacts at any instant of such that they could be easily visualized at a single time will depend on the presence or absence of chromalocus. Using GR-GFP they were able to show the physitin remodeling engines, histone H1 and the modification cal association of GR with this locus. However, FRAP state of the histones. These diverse parameters can also reveals that the interaction of GR with the MMTV is be manipulated in a targeted process to activate or repress genes or to modify the activities of chromosomal dynamic with a half time for promoter residency of less rapid exchange of activating and repressive components of chromatin is that diverse signal transduction pathways can then contribute to the modification of these proteins without the necessity of targeting these pathways to a particular chromosomal site. This system will facilitate a continual read out of a particular metabolic or cell cycle state (Figure 2 ). Similar considerations may contribute to the need for the prevailing traffic of structural components between many nuclear compartments (Pederson, 2001). The emerging methodologies for following these dynamics in real time in vivo have much more to teach us about the structure and function of the nucleus and the cell. Successful organizations have to be able to rapidly interpret and respond to external signals while maintaining the capacity to replicate, repair, and sustain their infrastructure. The nucleus is the repository of all the genetic information necessary to generate organismal complexity. The selective utilization of this encoded information requires an efficient response to many diverse external signals. In addition the nucleus retains the capacity to duplicate itself and to repair limited DNA and chromosomal damage. All of this capability is dependent upon dynamic structural change. If structural entities within the nucleus were fixed like the wheels of a clock then effective self-monitoring of their structural integrity and their subsequent repair would be impossible. The conformational and kinetic instability of nuclear structure and components is essential for function.
